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Computer Assisted Problem Solving
T 1
B ’ . R \ I . :
’ . Abstract

‘The é%mpu er assisted problem solving system (CAPS) adm[nistered ""homework!'
. v

: problem ets ‘deS|gned to develop students computatlonal, estimation, and

- ‘e

B ! l. / \s . " . —_—
| T trcs course. CAPS generated unique data, judged student' performance,

a

‘ d?oceddral sk\rls rePated to important concepts of-an introductory statis-

‘ prov;ded hlnts about problem solvnng strategies, and stored‘relevan per-
A\ - . < .
Ty ,formance data. A PDP~10 computer, with hardcopy and CRT tErminals, was
oL N - ) ./

> . programmed to interact with students.in an instructional mode, Courseware

\]
R 13

L l'/ g . . b
was coded Sn Tnter i;ive Fortran and packaged so that additiéna] items car

‘be added eas:ly to; e exlstcng problem sets. After th semesters of

N
|mp]eméntat|on, studen{ reaction to CAPS is genera]ly favorable. °

ey ¢




N / r- s ’ .o ! . R :
The computer assibted problem so{vingtsystem (CAPS) was designed %o
! 2
help statlstlcs students acquire computat on skills and expe{nence in’

solving a set of rather tradntnona\ statlktlcal exercises.” CAPS is but one,
c - / .

* component of an in tructional systems approachrused to teach'%n introductory .
’ « . - R ° . .

' k4

statistics course/and, as such, needs to be.described: Within the context of

the course. /R

Oréanization oﬁ/the Course o : N . N

, and the diScussion typically was used to clarny ponnts rather thans”enrl'c_hn

~ . the Lodtent. In preparation'for the class section following lecbures,,about

4 ~ ¢

The course serves a large number of. students with a"wide‘range of

L

X

!

- . 1 .
abilities, pfofessional aspirations and specialities. Some students who

P

“enroll in the course, for examble, q'ye not had a mathématlcs course since

1 .
hlgh schoof while others have recently completed college level courses./
n' . . '3‘ Y e
Some enter the course With a Frlppllng fear of StatISthS, whlle other9
- \ :

approach/lt'wlth breezy confndence. i s ' : L "7,£\*“
) ; N - . .
Jn reSpopse to these neéds, the Ioglstlcs “of the traditlonal lecture-

d|scu5510n course was modlfied and some new components were added. The two ~

houns per yeek Iecture*dnsdussnon sessions, and, the prlmarx text (Gfass‘&

- : % g
Stanley, (570) were retaP?ed The lectures. were ”tightened up" somewhat,

- el

!

IN P ~ o . . .

four days Iater, all students were required to’ take a qunz at_ thekrsconvenlence

’

on the PLATO IV CAl system\ﬁPaulson,“1978) If the student obtalned ‘a score,

of/85-100% correct onqa 10-28 item qulz attendance .at, the next gession w;7

[&d
YLl

' . O ’ . .,:
¥ . ! - Co . , i1

- B - . ' »

&

A
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- N R
" usgaliy optional; a score of 70-85% correct meant that the student was - -
\ . . - . -

L. s . B
o - . - . i .

st?onb*y"encouraged to attend; and }a score,below 70% required the student

f . .

to attend. This class'session was usually a prdbiem-ociented, informal

Y * s

N N s . . - . , ,
: session. ’ ¢ . : . -
. ) . ] " . = 4, R » 53 P .

‘v To assist the student ‘who had difficulty reading the primary text and

. v
s - L4

needd more examples of statistics prnncnples, two of the.instructors ‘pre-

Al L)

\ pared a programmed text and workbook (Armbruster & Dastrup, 1976). 1%inally;

a ~ ¢
/4 all students were required to,solvé 20 pyoblems the CAPS system. * This
! o - .
- requirement. replaced the typical homework probfem sets. The proplems were
- . € y ey ’ ',’ "
designed to test students’ abllitl%f to seleqt, compute, and estimate\ s"
~ . . : i e
J statistics with an emphasns on applylng them. The CAPS items comp%qm ted

ot

e "éﬁ }A
- ) the PLATO qujzzes in that the qunzzes tested bruncnples ‘and concep sgy

v sheet a d signed on at a DEC writer or INFOTON ?RT terminai connected@g%ijfé'
® »3 PDP 10/ system: In an. interact ive mode, the stud’ t received 1nfordat§w:g;;% .
."ﬁ hor 74 use the System and°a comblned index andg:togress Report page e
, ~ |
; L . the problems. The student flrst sélected a problem to solve which.was
f‘,; ? printed aFter WhiCh she SIQned otf the system and attempted to solv\:‘x ; .
Hf i, : / }ater she snghed ?ack ghto the system and recorded her a;;heg.r
o - computer judged the apswer to be correct (within‘a tolerance described in‘é?éigéf\:
h the probrem) the stydent was fetutned to the index page; if t hasoidcorrecx,}'uo ,
L ‘ ’ a problem soiving‘hint Qas pnpvided_and the student worked'dntii the proolem

o
-
o & '
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Computer Assisted Problem Solving
'\

b

i R . . . ]
is illustrated, in Figure 1.

»
v

' .-
- - - — - - - —— - - —

| ’ Insert Figure } about here
L#l,:ef*/ e > = = = - frm—————

v

.
. .

P:ob]em Solvnng Feedback _ to Students

The CAPS items were—e%assqfled |nto two types: (1) estimation p;obfems
e , :
requiring approxi&etion of a statistic from a graphic representation of
E . A",‘ . ) . 3 v K _ . ,. ,‘,‘. )
data and {2) computafién problems for which there were preferred strategies
\ ; \

.

of solution . The basic 1n§trutt|onal desngn of CAPS was to incorporate
. .
. %, ‘
feedback strategles fbr each of these two’%ypes of problems . ]
‘o ‘ 4
5,

o - ~

R .For omputatﬁonaf problems, four levels of problem solving strategies
| gomput; 5 ey em o

AY

(hints) were developed. The first hint was simply a restatement of the’
. . SA .

-
H .

proplem. <‘The excess verbage was .stripped away and the item was organized

R W e T e b v

-under the labels '"Giveh'' and '"Problem.' Hint 2 was'a-strategy for working

- ’ . 4 . »”

n‘\the brob]em listed in a series of steps. The strategy |s snmllar to what |

P

. a _tutor might use when-working with a~§tydeﬁt Hlnt 3 provnded a solutiapy

’

+

- ——

B} . A ) . S
to a~snmnlar problem including intermediate solutions cqngruent with the
» , ) R V. \\ 3
. . . ey \\ ‘.
steps provnded in Hlnt Zl’ Hint 4 presented the solution, with intermediate

‘{ . » * .
- s - -

“steps, to the-glven problem, : T ‘ .
. To make'the hints nmui:Jneaniqgful and to diminish the“tendency of some

-

N students *to share answers\\the-computer generated dnique problems for each

"

_student. * The basic item format remained the same but the data basé changed.

N I3 v \

Eédh prob]em, then, is a one iteh‘domain'reﬁerenced test or an item form, &

as, descrlbed by Tively et al. (1973) ln this way, students could call for
L] ¢ Al ,
as maqy Hint 3 s as. they WIshed and see the prdb]em solutnon wnth dlfferent

datq eﬁgh time. LA C . .




o \\ e ) . "Compute‘,Assisted‘P}obPem Solving

L4
4

- ‘.' ‘.\ | . | ' | . 5 .

. ?Wo of “the problems were desig ed to shafp7n a'student";—zg77ity to N
: tn one p}oblen; ‘ten unlque

histograms wnth appnox1mately 60 entrles each were dlsp]ayed, ;nd the stddent

was required to estimbte the mean and standard deviation of each with

.
[N

estimate statistics from a large J{ray of data!

tolerances of approximately 3% and IO% respectiVely, At least 1 conrect

20~

- ’

to be completed successfufly About half of the ten hustogram represented

- -

: dlstrnbutlons with approximate norma) dist}ibution§ while the remaining Fnes '

|

I3
.

/were skewed and/or-oimooal.' ol

In another problem, tem uniqué scatterplots with ab3ut 2p enhtries e£ch -

LR } -

product-moment correlation coefficient within a tolerance of |05. At 1easts ® ,
o . ¢

v

problem sﬁkteszulrx. The coef icients ranged approximately firom -1 to +1.

tudents were |

On? other type of problem tested procedural skills. The

TeqU|red to ]ocate Chl E and T statistics in a table wnth_ﬁre§ Tibeo prob-

ability and degree of freedom'perametets.~ Twelve items ‘were presented and -

the stydégxs wére required to answer them all cofrectly..

tive sta- . .

The }eneining problens deélt with (l)tcomputation of descri

— .

tistics such as mean, cent|1e rank, aqd varlance, (2) |dent|f|c

[ N

|
‘ion and

-~

means of dependent samples, and (3) éorrelatlon and estimation. Q The |ndex

—— ’40
of problems, with abpreVIaxed tntle#,ls shoWn in Flgure 2. ‘f§ Tl ] ‘t
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Students were required to solve aTJ;ZO;probJem types during the semester
v

using; no more than one hint on each before they could ‘take the final exan.
Problems could be selected as often as necessary to meet this requirement;

*

Tq date,: CARS has been used férvtwo semestefrs with apprdximately 100

" students. The remainder of the paper discusses, the preparatiori-and design

I3 -

of the 'software and presents evaluation-type data from students.

’

Hardware - Software . .

A PDP-10 timesharjng computer (Digital Equipment Corboration) was chosen ™

to deliver CAPS for two reasons. First, another timesharing computer based
¢ ' Pt ;
education.system had already been used sucessfully for another course

M . “
)

: - Bt
© management. project (Alessi et al., 1976; Anderson et al., 1974, 1975 a,b). . -

We wished to investigate tHe feasibility ofoinst}uctionél'déli&éry on another

©
. 3

system. Second, the POP-10 providéd a FORTRAN compiler, while, PLATO provides *
only the TUTOR language (Sherwood, 1974) which is available only on PLATO.

We wisﬁed'to test. tht feasibility of an instructidnal systeh using the more’

/-

.
A . . S

common FORTRAN langddge. - » . ’

-

The PDP-10.is a,programmer's computer with very powerful software and 3

is cor;espondingly difficult to use.. We\;zre able to use certain system . ) %\

o

features, however, to make the PDP-10 usuable by studénfs with minimal in-

struction. A $tudent needed only to be able to sign on, From there, the
.\. * ¢ / ) // ¢ <
correct progtams are automatically executed and the student automatically

- o v,

signed off at the end of the session. Subroutines in the program ;hegﬂnthe

-

form of student responses {i.e. alphabetic versus@numbs}ic) and give the

P .
v

student meaningful feedback when incarrect, rather than the usull coded
‘ [ 2

. -~ : P ad

qystem error messages meant for programmers. -~
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The CAPS prograﬁs'consist of a main prog;am with,gwnumber of dverlaying<i

‘-_subroufines., The ‘subroutines ‘perform the follownng functions: ‘l) The

-~

', exact data a partn/ular stgFent received on any ‘try

item'subroutines generate data for and display "the 20" items (each Ttem e

.

benng separate subroutnne) The data for any item are generated by"a’

random number generatbr seeded by a function of the student number, item -

number, and how many times the student has tried that item. ‘With éuch a

N - »
-

method of data 'g‘enzatioﬁ;——it—iswpssible for a'n ir‘uctor to obtann thé

an ltem. (2) The
‘.

student input subﬂeutxne is responsuble for acceptung all studentzﬂnputs

'

checking their form, %nd providing help if wrong. (3) Two.different logoff

subroutines log the student off either at’ the studenq's request (a Single

’

keypress available’at any time) or at the end of the session. (4) The

answer judgingssubroutine compares a student‘response to the correct answer

"{caiculated by the individual item subroutines, and judges ‘it to -beé correct

or incorrect. (5) A few subroutines éegregate’code that is not standard

ANS FORTRAN, which would require modification on other computers. (6) A

é

' pause’ gub(outine stops execution of the program to give students time to

a
-

copy information from the terminal before it disappears. Most students .

worked at CRT terminals, and the item display, thch.géhe?al}y fills a’
A\ ]

screen, wolnld be partially lost when logout occurs.” (7) An information sub-

- - v

- . . 'l T - .
routine provides students with a short leSson on tﬁe useégf the terminal and

’

the CAPS system. (8) An instructor §g§f0utine provides a facility to inspec

any item as it appeared for any student on,aﬁy'tryfﬂ

4
»

L4

SuQroutines are errlayed_because‘the entire set'of programs is too.big
. . - ~ N \- ) .
to fit in central memory at one time. With overlaying, no student sassion

‘., .
€
. .

.

t

.
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, : f
v R *Wéh dutines. The Iogoff and pausé'subroutlnes are coded-in MACRO-10, PDP-10 ’
’ ':as§emhl 1thuage. ,All-pthers are'coded in FORTRAN., T

'+ The main program, always called at Iogin,“performs‘a varietQ of functions. .
¢ 0 t ~ . .
. it accesses an |nd|vadual student s record (determlned by the student in- )
. ;-'" . AN ) ~
putt|ng her[hls student number and password) and updates them at logoff.
' : I .. .-

It d1splays messages from the instrugtors targefed for any 4ndividual student
", - . . LN .

.
s~

or the entire class. It displays the index when appropriate, or calls the ' .
‘necessary item subroutine; lastly, it accésses the logoff subroutines.® -

-
»/

’ 4\"~ . Student records are kept in a direct-access disc fite. The student /

w0 “ number given at login corregponds to the same number record'in''the file.

. The record contains the student's password; scores, level of completion,

"and number of tries for each of the twenty items; whether the student- has a

’ . ’
I message_not yet~seen, and whether the:student has seen -the introductory fin- X "

3

- . s

.formation on the use of the termlnal and CAPS The record is read in at ’ '

e - .

v~  signin and wTItten out both at Iogoff and whenever a sngnlfncant activity : .

- °

! is completed, such -as completlng an item. The latter js done to protect

[ s~ .®
. agalnst the loss of data due to system or term|nal faiﬁure. . *

-/ . .
S
_+' Evaluation %/ . : v
. - tii,' . « ’ ! )

In addltnon to performance data described prevwously, we perlodlcally

inspeeted the data file to track chronologically the sequence of items
. ‘4 . " [}
: selected and hnnts required on_trlals. The procedure is to print the data
, g aflle every’twoiweeks during the flrst 12 weeks and to print it every few\ .
j - ‘days during the last weeks of the semester aslztudent activity increases.
: N, . R .

i H . R “ i \

. - . .
- ‘ *. . . . .

tor . ’ ° .
* - - 4
.
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2
The students also completed two questlonnalres (at de//// .apd'the end
. x
) ,of the semester) during the course of the Semester whrch |ncluded items on -

] -7 3

e
all aspects of the course'lnclud;ng the CAPS sysf/m ) Bqth,FaII semester

< } :
and the f;rst Sprlng semester questionnaires,’ were administered through the
t

-

. PLATO system_uSed for quizzes duniﬁﬁ the semesters. ' :
) : N \ r N ) .
We have described the revised versionqo? CAPS which was used during the
. . : v , o -
+ second semester of its operation. The evaIuation of performance data from

the Flrst semester, whlch 1ncluded student questlonnalre res’Tts énd an A

P 4

anaJysns of costs involved, esuIted in several‘programmlng changes Most

) o

of the changes were d|rected at 'student convenlence w1th Ilttle attention

to cost.factors. However, the changes did result in a AOZ\decnease in the
it ' T s
cost per completed item. roos . . O y

©g » ., -
. .

.
@

) ‘ , . L .
Originally, the strategy for LAPS was that a studentewould sF]ect an
. . . * » . 0n . ¢
item and remain on the system while doing the calculations. Lf Zhe answer

& .

was judded as incdrrect;-the.student was shown the first hint and then log-

..

ged,off the system'to rework the item. After 4 second ?hcorrec answer onl§

the" second hintxwas shown and the student was signed,off This I.s'ign-in,

AN

- ) -

,c//he repeated four tsmes before the student couId select another Ttem. -Slnce'

’ - - N . .
the student was required to repeat ‘the item“if more than one incorrect °
' = ‘ . ! : s . - ‘1 S;". M ’ O ] - .’

response waswgixen,~1t jms‘feltﬂthaiﬂhints 2, 3, and & should be avatlable

C L. o < y ;
.after the second \incorrect respdnsé rathe;\than require four separate s’ign-
. s ' - -, B : -

- ¢ ins to inspect all hints. | . ’ .

’ ' -
’ bl v

e Another changewas to require that-the students work the problems off

L]

. , line. Rather than sée the item-and work it immediately, we programﬂed>the

P ' LI .
T . L - ¢ v L 3

- a A

o~ . 1

.~

record ‘an answer, receive a hint if wrong and be: signed off' cycle mlght -.

.

»5
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-
» . .

) .. 'computer to log the student off after a“two\minuge.pause.' This meant that

- ° v T ' . \" “ @ - . B
N o [ . T o { .

‘we tould delete the calqulafr subroutine that we had made available in an

v \ M - 1

. ..
. -

earlier version. We felt‘justif?gﬁtin'our decision to discontinue:usihg -

. ° —_—l=]

. the calgidlator since questlonnalre vesults lndlcated that more thag SO% df
) TN
, .the students never uded the calculator and only vy 10% used it pegularly.. T ‘

. . 1 .

k These*changeSVplus the deletion of two items r€lated to concepts not
PR . . < . . \‘ﬁ N ‘ L . i - - -
taught in the, introductory statistics course resulted in a decrease in cost

i . e

' - - - .
.« per item and a decrease in Computer connect.time per item during the sécond
. Q - N

semester of oOperation. A summary’of cost/time data for the ﬁirst-semester

.and the first half of-the second semester is shown in Figure 3? The basic
. . - “s . B ¢ .

charges for PDP-10 use’ include: $2.40 ‘per connect hour, $1.50 per kilocore

' hour,‘and $60.00 per CPU hour., In gepetal, xh% average charge is about—$5.00 ¥

° AN N ~ i ..
per hour of terminal use during ‘normal' editing and/or execution of programs.
Pl ¢ & -~ ’ R

) ) . ¢ ( ~ . ’ L. -

. . \ K . | TTTTTmTTommeeT s R ———— byt - : ~ g
T . , . Insert Flgure 3 about here N w . a3,

‘ As one might expect, student reaction to CAPS has rangeg from very '

\ - N w, - ’

[y hd -

. positiveé to assertatively negat}de. The range of reactions i8 captured by

* questionnaire data in response’to the folfpwing multiple choice (item embedded

LR

- : Lo . J . N : - \ -
among others related to course tomponents. The responses were scaled from
42 to -2 T S e _ \
.o The CAPS_ problems were: ) {% - (Assigned Scale) « '
. a. very detrimental . : (<2) . - :
- ° !" . * ., v — -
- . ' - -
: .+ b. detrimental e .
) ‘ c. neutral % T— ¢ 0) . -
t ' C DR : ' c - e
d., beneficial . ) ) - ., . -,
- ) - o ' ' » e .
" /7 e.- very-'beneficial -s (+2) Lot e
. * s ' . s © e . “( 'N" : - ., . ,'; . .
\) = i , < o - ~ 12 , " ) » . . . .
o . " ‘ o . -
- . * o r“ , Y =
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“The scaled data for end-of-semester frequencies were compared to the

- .
. . ' -

data for other course components. All items had-the same response choices

hd ’

«  listed aeoVe for the CAPS itém. The scaled data re€ulted in the folloyiné §\\‘
2R A,,,,,,Ea".ki,;'l:'is‘ e Y | A cmeten ey
‘Fall éemester ' -SEring Seméster .
N N “
Rank Fpmponent = Rank thponent ., ° Rank
IR Workbook S 7k vorkbook . 1.80 ;
- 2 Lecture . i 1.25 °  Lecture 1.10 )
' L 3 "'PFA;O Quizze§ " 1:18 . Problem Session ~ - .80 j ‘
. 5 v ches ‘ 1.04  PLATO Quizzes , .76
o e 5 Problem Session ° - .88 CAPS . CREL R
{ ’ L. 6 'Prima;; Textbook « = .07 Prima;y'fextbook 1‘;.90 )

.
# &

> .
- rN

“de
3,
L3

In an open. ended questibn,*students were asked to-give their reactions

»

e

) ' - : RN .

- , - to the course components. Students“’reSponses indicated that the most dis-
v ’ . \ - »
satlsfactlou with the CAPS system stems from the inconvenience ?f locating

ot

oy ya O b .
aﬁ‘avallable termqul at a convenlpnt 4ﬁge. "At least tWO-students rented o

-, / ot ress o ~

. ~ 7 wH o

- P - terminals for home-use since they’ are available at a nominal cost. ° °

- [ . ] i r~

A, w ot te-our strategy?eﬁ,ajlewing only one item at a time to be available °

T : e -
) for a studen’t was .designed so that 'students would keep current with the?®

A ~

lecture topié,' students wljo opted for fewer--bput longer--session’s had some

- . -

difficulfy in relating CAPS problems™to class discussions. Fe}ipdic in-

’ L)

L)

e

. spection of §tudént performance data—indlcated that some students were 3 -4

. topics behind class discussions. Conseqyently, lnstructors did not dlSCUSS

vt‘fm

related CAPS problems durind-the lectures. . T -

B L %
2 ’ i =
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) . P . . \ . ’ i

A N ] S ‘ :
. ~, " Most student Reactionfto‘CAPS, however, was positive. while some / :
!' §4"' . ! . v

, . » 2
students did.nQt 'keep’ curreqt most students.reviewed several Ttems priar

e

to the final- exams. All students successfully completed all CAPS |teMS ;’f -

A
J_», L B, — -

. prlor to the flnal exXam for both semesters. Qne parttcu]ar student reactlon \

.- " ~
i -<'~ﬁ o

deserves mentlon because |t captures one |ntent of. CAPS “The CAPS problems

- - .

. are useful In areas | am confldent they lend support to confidence. In

N .

problem areas, they clarlfy methodology (Fall semester) 1

) Although we have employed an interactive computer system normally

“used for codlng and executnng programs;‘the CAPS system can beiused for

*

individual problem solvnng, with computer assistance if necessary, and can

-
B S - 1 U§QQ¢fQIélndﬁyldu§] Jutpﬁlal sessions WJth the instructor If desired.
‘

Although individual problems were not always vntegrated nnto the lectures-- .

g £F g ag- .
< . Aor was that the <intent--the -CAPS system by providing concrete examples

of concepts taught |n class, was an integral .part of these sectlons of the

R “ R )

lntroductory statistics. class

- <

During the Fall, 1977 semester, the CAPS system was m?i;rled so that .

the |tem subroutlnes formed the basis of a problem generatn

R e I
~

.+ .was used without student contact with the computer. The instructor was able
N . - - 2~

system that

. h » [y o
oo P -

‘. 20 produce individual problems for his *students with separate answers for his - °
- _own uSe. Thése_minor modlflcatlons requnred that the instructor interact

~ - - - .i--“hvm S ——— i g st N - & .

with the computer while the problems were belng produced - We speculate that
) R

L

-

y the CAPS system could be modified further so that the items could be run in_ 'F
'bafch' mode rather than just interactively.

o . . - 0

i . 14
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The present format of CAPS could be |

. ciplines which normally assign problém set emphasizing‘appfication.

1
4 °

~‘eontent areas ﬁight include accouﬁfing, ph sics, and chemistry.
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